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The European Commission has established a Nanomaterials Repository that hosts industrially manu-
factured nanomaterials that are distributed world-wide for safety testing of nanomaterials. In a ﬁrst
instance these materials were tested in the OECD Testing Programme. They have then also been tested in
several EU funded research projects. The JRC Repository of Nanomaterials has thus developed into
serving the global scientiﬁc community active in the nanoEHS (regulatory) research. The unique Re-
pository facility is a state-of-the-art installation that allows customised sub-sampling under the safest
possible conditions, with traceable ﬁnal sample vials distributed world-wide for research purposes. This
paper describes the design of the Repository to perform a semi-automated subsampling procedure, of-
fering high degree of ﬂexibility and precision in the preparation of NM vials for customers, while
guaranteeing the safety of the operators, and environmental protection. The JRC nanomaterials are
representative for part of the world NMs market. Their wide use world-wide facilitates the generation of
comparable and reliable experimental results and datasets in (regulatory) research by the scientiﬁc
community, ultimately supporting the further development of the OECD regulatory test guidelines.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction and background
Amongst the main obstacles in the advancement of knowl-
edge in the nanosafety ﬁeld both for researchers and regulators
are the unknowns when comparing test results between
different laboratories. The availability of nanomaterials (NMs) for
testing from a single batch is useful to facilitate the compara-
bility of results obtained in different laboratories and across
research projects.
Despite the now large number of published studies and data on
nanomaterials, it is still a challenge to derive general conclusions on
e.g. the toxicity of NMs based on the evaluation and comparison of
this information. One important obstacle is the general absence of
thorough characterisation of the NMs under investigation, as it is; (E)NM, (Engineered) Nano-
Centre; nanoEHS, Nanotech-
ganisation for Economic Co-
Test Materials; TG, Testing
anomaterials.
M. Riego Sintes).
Inc. This is an open access article uknown that small modiﬁcations of the nanomaterial's physico-
chemical characteristics can change, for instance, its functional or
toxicological properties signiﬁcantly.
In addition as stated by H. Krug, the lack of both reference and
control samples, as well as a substantial lack of harmonisation of
the procedures used to generate the data, are main issues pre-
venting the full use of nanoEHS (nanotechnology environmental,
health, and safety) studies (Krug, 2014).
Furthermore, the appropriateness of using data obtained by
testing one nanoform (Gottardo et al., 2016; ECHA, 2016) of a
substance to assess the toxicity of another nanoformwith the same
chemical identity is not yet demonstrated. European Chemicals
Agency (ECHA) committees are discussing how to create a frame for
identiﬁcation, grouping and read-across for nanomaterials (ECHA,
2016). Also, it is still a challenge to decide whether NMs with the
same chemical identity (e.g. SiO2) and tested in different labora-
tories, or projects, can be considered the “same”, or just “similar”.
To which extent and on which basis should, for example, materials
with different physical-chemical properties or different toxicolog-
ical proﬁles be considered as the same or differentmaterials? These
questions are currently being addressed by the nanoEHS
Community.nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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materials (WPMN) was established to provide a global forum for
nanosafety discussion, particularly in a regulatory context
(Rasmussen et al., 2016). The WPMN launched a Testing Pro-
gramme in 2007 to generate datasets for agreed lists of nano-
materials and endpoints. This information was used, in addition to
other information, via subsequent analysis of the methods applied
and experimental experience gained, to propose nanomaterial-
relevant updates of OECD Test Guidelines for regulatory testing of
chemicals and to develop Guidance Documents for testing and
assessment (OECD, 2007).
With the aim of supporting the WPMN Testing Programme, and
more broadly the “nano-scientiﬁc community”, the European
Commission's Joint Research Centre (JRC) established a repository
of Representative Test Materials (RTMs) (Roebben et al., 2013) that
hosts samples of a number of commercially available nano-
materials: the 'JRC Nanomaterials Repository'. The NM samples are
obtained by subsampling from a single batch following well
deﬁned standardised operation procedures. Hence, all the vials of
the same NM can be assumed identical. Section 3 discusses the
nanomaterials in greater detail. The JRC Nanomaterials Repository
is a unique facility that provides RTMs worldwide, supporting for
instance projects under the EU framework programmes for
research, FP7 and H2020, the Life programme and others, as well as
non-EU funded initiatives.
By using NMs from the same batch one ensures that the mate-
rials tested in different laboratories is the same, thus minimising/
eliminating a very important source of variability associated with
the NMs tested. This allows focusing on the harmonisation of test
methods, facilitating the comparability of data among studies. In
addition, these NMs have been used in national and international
projects, often tested using harmonised protocols (e.g. NANO-
GENOTOX [http://www.nanogenotox.eu/], MARINA [http://www.
marina-fp7.eu/], NANoREG [http://www.nanoreg.eu/]). Therefore,
they have already been extensively tested and they could act as
benchmark materials.
The object of this paper is to describe the setting up of the JRC
Nanomaterials Repository, and its evolution from a 'simple storage
and shipping facility' to a nanomaterials subsampling laboratory,
equipped with state-of-the-art instrumentation. Some insights into
the hosted NMs and projects supported so far are provided as well.;
In this paper the term Nanomaterial(s) (NM) is preferentially used
and considered as synonymous of Manufactured Nanomaterial(s)
(MNM) and Engineered Nanomaterial(s) (ENM). The JRC Nano-
materials Repository may be referred to simply as JRC Repository.
2. A unique facility
2.1. Aims of the JRC Nanomaterials Repository
The JRC Nanomaterials Repository was established in 2009 at
the European Commission's Joint Research Centre (JRC), Ispra site
(Italy), after the launch of the OECD WPMN Testing Programme in
2006. Its initial aim was to provide the WPMN Programme with
subsampled NMs guaranteed to originate from the same batch for
the reasons explained in section 1. Making samples available from
well-deﬁned batches of industrially relevant NMs is of key impor-
tance in promoting better reproducibility and reliability in safety
testing of nanomaterials.
In its ﬁrst stage, the JRC Repository identiﬁed and obtained
relevant NMs and was a 'passive' supplier of already subsampled
NMs, both to the OECD Testing Programme and to some EU-funded
research projects, which were the ﬁrst to use and test the RTMs
provided by the JRC Nanomaterials Repository. The use of RTMs
provided by the Repository has been growing over the years, andthis has led to the generation of a signiﬁcant amount of good quality
data on these NMs, which, based on information from those pro-
gramme and projects, became very well characterised with regard
to physical and chemical properties. They were tested for (eco)
toxicological effects and fate, too. Given these premises, the de-
mand of RTMs from the JRC Repository soon increased signiﬁcantly,
whichmade it desirable to redeﬁne the objectives and the setting of
the facility. The JRC Repository was to become the main supplier for
RTMs for instance in EU research projects. Moreover, to further
facilitate data sharing, comparability and harmonisation at a global
scale, the JRC Repository started to provide RTMs to research and
regulatory partners all over the world. Based on this success, it was
decided to set up a full-scale laboratory with a 'subsampling facil-
ity'. This laboratory handles the NMs from their reception from
suppliers until the shipment in (small) vials to customers. The NMs
are either bought by JRC from industrial suppliers or provided to
JRC via research projects that have decided to use the JRC facility for
subsampling and/or further storage and distribution of their spe-
ciﬁc nanomaterials.; During 2014, the JRC Repository became fully
operative as NM handling and subsampling facility.
The added value of this service has been widely recognised by
several customers. Beyond its initial scope focused on the OECD
WPMN Testing Programme, the JRC Repository has supported
several EU-funded projects, as well as national and industry-led
initiatives. This is further described in Section 4.
2.2. The JRC Nanomaterials Repository: setup and material ﬂow
The laboratory is composed of three different rooms, plus a
safety access system (SAS), as shown in Fig. 1.
The following paragraphs describe the features and structural
set up of the JRC Nanomaterials Repository, detailing the material
ﬂow and the handling operations and the equipment used during
these different operations.
2.2.1. The structural set up of the JRC repository and the material
ﬂow
The organisation of the JRC Repository has been designed to
allow easy handling of large quantities of NM (>1000 g) to produce
vials containing a variable, small amount of material (<1 g), under
the safest possible conditions for operators and the environment.
The operations that are performed are summarised in Fig. 1.
NMs may be supplied to the JRC premises in large quantities (up
to 10e15 kg per incoming shipment), packaged either in paper bags
or in plastic drums. The nanomaterials are received in room 001,
where the NM in its shipment container (henceforth container 1) is
registered and labelled. Container 1 (still containing the NM), is
placed inside two plastic bags, one inside the other, which are
closed and sealed with a heat-sealer, and then stored in dedicated
ventilated cupboards located in room 001.
The ﬁrst subsampling phase (henceforth referred to as Phase 1)
takes place in room 001. The main purpose of Phase 1 is to reduce
the large sample size (up to 10e15 kg) of the original containers to a
more manageable sample size for further subsampling. Container 1
is placed in a customised glove box (manufactured by HECHT, de-
tails in section 2.2.3) working under inert atmosphere (Ar). Before
the NM is transferred to any other container, it is shaken and
homogenised in order to achieve uniform (identical) subsamples.
This is done manually as, given the large variability of container 1
both in terms of dimensions (up to 1 m high) and materials (paper,
plastic, etc.), it was impossible to foresee a universal piece of
equipment for a mechanical process. The operator mixes the con-
tent of container 1 from the bottom upwards and also horizontally
(e.g. from left to right), before transferring it to other containers
(henceforth containers 2). Using adequate spatulas, the NM is
Fig. 1. Handling scheme of the NMs, starting from the large incoming batches, over production of vials containing small amounts and ending with vials ready for shipment. The
different rooms, corresponding to different subsampling and operational phases, have different background patterns. Subsamling phase 1 corresponds to a vertical-striped
background, the dotted background is for subsampling phase2 and the shipment operations are executed in the horizontal-striped room 3. The Safety Access System (SAS) has
white background.
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which have a volume that can vary between 120, 500 and 1000 mL,
depending on the intended use. Once containers 2 have been ﬁlled
and closed, their external surface is cleaned with a wet cloth and
they are transferred into tubular polyethylene 'sleeves', which are
an extension of the main working area of the glove box. These
sleeves are heat-sealed in two points (15 cm far away from each
other). This allows the sleeves to be cut avoiding any direct contact
between the main working area of the HECHT structure (the glove
box) and the laboratory environment. Containers 2 are extracted
from the sleeves one by one and cleaned again with a wet cloth
before storing them in dedicated cupboards in room 002 for future,
ﬁnal subsampling. Containers 1 are closed again and placed in two
sealed plastic bags, as described above, and put back in the dedi-
cated, ventilated cupboard.
Nanomaterials considered to be more difﬁcult to handle (e.g.
highly electrostatic NMs) are subsampled in a disposable glove bag
that is placed inside a plastic glove box in room 001. The sub-
sampling is assisted using an electrostatic charger, which has the
main function to reduce the formation of electrostatic charges on
the particles. Contamination of the equipment is thereby reduced/
avoided using disposable equipment. As a result, the cleaning
procedure and waste management operations are simpler. Also in
this case, once containers 2 have been ﬁlled, they are properly
cleaned and transferred into tubular polyethylene bags that are
heat-sealed and stored.
In room 002 the second subsampling takes place (Phase 2) to
produce vials (containers 3) containing small amounts of NM,which
can be shipped upon request. Phase 2 is fully automated and it re-
sults in the generation of subsampled NM in vials normally con-
taining from 100mg up to several grams. Given the ﬂexibility of the
subsampling operation, it is possible to produce vials with cus-
tomised content, so as to meet the needs and requests of the cus-
tomers, as the system is able to subsample quantities of few
milligrams (e.g. 10) with a very high accuracy. Although nano-
materilas in liquid suspension are currently not available among
the NMs hosted in the JRC Repository, appropriate equipment isavailable for the subsampling of nanomaterials in liquid
suspensions.
The containers 2 prepared in Phase 1 (see above) are used to feed
a subsampling apparatus (speciﬁcations and details in section
2.2.3) that automatically dispenses nanomaterials in powder form
into vials (Phase 2). Also nanomaterials in liquid dispersion can be
dispensed by the subsampling apparatus.
Phase 2 is carried out in a stainless steel glove box with inert
Argon atmosphere, which ensures that no reactions take place
during the storage time before the vials are shipped. To further
reduce NM alterations during storage, and given the high ﬂexibility
of the automated subsampling procedure, only a limited number of
vials are produced during a subsampling session. Each vial that is
produced is labelled according to well deﬁned code assignment
procedures.
The outer surface of the vials produced in Phase 2 are cleaned
with a wet cloth and stored in dedicated ventilated cupboards, in
room 002, until their ﬁnal shipment to the customer.
The shipment preparation is done in room 003, where only
small amounts of NMs in well-sealed vials are handled.
The vials are shipped in foam-ﬁlled boxes and closed in plastic
bags in order to prevent any damage during the transport that
could result in the accidental release of NMs.
2.2.2. Ventilation system
For safety reasons, it is important to guarantee that any acci-
dental spill of NM is kept conﬁned, preventing dispersion of NM in
the environment. Contamination between the different rooms of
the laboratory should be avoided by all means. In particular, any
dust that might be generated when handling larger amounts of
material (room 001) should not spread to the adjacent rooms, i.e.
rooms 002 and 003, and/or to the environment (Fig. 2). This also
intrinsically improves the safety and protection of the operators,
reducing the amount of potential air-dispersed materials that they
may come in contact with.
In order to achieve this, an airﬂow is set in the three rooms of
the Repository, so that the pressure gradually increases (in 2
Fig. 2. Organisation of the JRC Nanomaterials Repository, pressure gradient. 'P0 is the pressure, which increases from lower than Patm values to Patm, as the operator moves from
room 001 to room 003. The pressure gradients (DPs) across the rooms are of a few tens of Pa.
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passing through an intermediate value in room 002, to ﬁnally reach
atmospheric pressure, or slightly below, in room 003. The pressure
gradients (DP) across the rooms are of a few tens of Pa. The pressure
values have a reverse proportionality to the amount of NMs
handled in the rooms. The lowest pressure is set in the roomwhere
the largest amount of NMs is handled (room 001), whereas P is
higher where small amounts of NMs are handled (room 003). In
this way, in case of a spill of nanomaterial in powder form in one of
the rooms, the NM does not spread. The spill remains conﬁned and
contamination (of adjacent rooms or the environment) is avoided,
or reduced as much as possible. Moreover, the presence of partic-
ulate matter is continuously monitored as an additional quality and
safety assurance procedure (see section 2.3 for details of
instrumentation).
Finally, in order to avoid any emission of airborne nanoparticles
in the atmosphere, the air extraction system is ﬁtted with HEPA
ﬁlters, whose efﬁciency is constantly checked and monitored. The
Repository is equipped with light signals which indicate a mal-
functioning of the ventilation system so that any operator entering
the facility can promptly react if needed.2.2.3. The JRC Nanomaterials Repository: equipment
Room 001 is furnished with a plastic glove box (equipped with
a water trap in the exhaust line, both from the Italian ITECO En-
gineering) and a customised glove box (permanent structure with
a disposable set up, from HECHT Technologie, Germany), designed
for the handling of large amounts of NM. In this way, both the
operator and the environment are protected from possible NM
exposure or contamination. Room 1 contains ventilated cup-
boards, which are dedicated to the storage of the primary pack-
ages (container 1) of NMs. Pyramid portable glove bags (Erlab) are
used when handling 'difﬁcult' NMs, such as NMs that are sus-
ceptible of electrostatic charging, as mentioned in section Section
2.1.1.
Electrostatic ionisers (Sigma Aldrich) to reduce charges that
might be generated during the handling of some NMs are also used.They are normally placed within the glove boxes, as well as inside
the pyramide glove bags.
Room 002 is equipped with a stainless steel glove box (again
with a water trap in the exhaust line) with two working positions
(ITECO Engineering, Italy). The automated subsampling unit is
placed in the glove box. It is composed of a dosing system (Quantos,
Mettler Toledo) that precisely doses the chosen amount of NM
(powder or liquid dispersion) using an analytical balance (XP504,
Mettler Toledo, maximum load 520 g, sensitivity 0.1 mg).
Depending on the NM characteristics (e.g. compacting tendency,
NM dustiness, etc.) each NM is subsampled using a different dosing
head, thus optimising the subsampling time and quality. This also
avoids any possibility of cross-contamination. In room 002 there
are also storage cupboards assigned to the storage of containers 2
and the vials ready for shipment (container 3).
Room 003 is equipped with a chemical hood where the ﬁnal
preparation of the package for shipment is done. There is also a
desk and the PC that is connected to the Quantos subsampling unit
and allow its control.2.3. Safety measures
Currently, there are apparently only few documents detailing
how the handling of NMs should be done in order to ensure a high
level of safety for the operator(s)/workers, as well as for the envi-
ronment (NIOSH 2012, ISO12901, EC 2014]. Projects such as the EU-
funded NanoValid have also addressed this topic (Baron et al.,
2015).
The JRC Nanomaterials Repository has been set up in compliance
with the highest standards of safety for both the operators and the
environment. A series of measures have been put in place to
eliminate the operator (and environmental) exposure. If elimina-
tionwas not possible, then the risk of exposure has been reduced to
a negligible level. The preventivemeasures adoptedwere guided by
good health and safety practices, common sense and precaution,
with considerations from a risk assessment perspective. The
possible “hazardousness” of the materials is intrinsic and, thus, any
Table 1
List of representative NMs hosted in the JRC Nanomaterials Repository (starred
[*] NMs are the batches used also in the OECDWPMN Testing Programme). Detailed
list available at: https://ec.europa.eu/jrc/sites/default/ﬁles/JRC%20Nanomaterials%
20Repository-List%20of%20Representative%20Nanomaterials-201606.pdf.
JRC ID Substance JRC ID Substance
JRCNM01001a * Titanium Dioxide JRCNM04000a * MWCNTs





JRCNM02101a * Cerium Dioxide JRCNM40003a
JRCNM01101a * Zinc Oxide JRCNM40004a
JRCNM62101a JRCNM40005a
JRCNM06000a * Nanoclay JRCNM40006a
JRCNM03300a Au dispersion JRCNM40007a
JRCPD03301a Au dispersant JRCNM40008a
JRCNM02000a * Silicon Dioxide JRCNM40009a
JRCNM02001a * JRCNM40010a
JRCNM02002a * JRCNM46000a SWCNT
JRCNM02004a * JRCNM48001a graphene
JRCNM10404a
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reducing it to the lowest level possible. Moreover, in the absence of
precise guidelines/regulations, given the large amount of NMs that
are handled and the uncertainty still associated to the toxicological
effects of many NMs, a strict control of exposure was applied
without any discrimination of the type of NM actually handled.
The laboratory is equipped with state-of-the-art glove boxes,
explicitly designed for the treatment of nanoscale powders, i.e.
including two HEPA ﬁlters working in cascade with wet traps and
glove bags (see section 2.2.3 for further details), as also recom-
mended by NIOSH (NIOSH, 2012).
Regarding the personnel safety and the reduction of exposure,
the ALARA principle (as low as reasonably achievable) has been
implemented in the design of both the facility and the working
procedures. In practice, through the whole workﬂow, the nano-
materials are treated in such a way that there is no direct contact
between the powder and the laboratory atmosphere. The operators
involved in any stage of the process are regularly trained on risks
and hazards related to a laboratory environment and speciﬁcally to
NMs. The use of Personal Protective Equipment (PPE) is mandatory
and depends on the operation to be carried out. For example,
during Phase 1, which as explained is the one where large amount
of NMs are handled, and therefore there is the highest risk for the
operator, disposable laboratory complete coverall (Tyvek), nitrile
gloves, full facial masks with ﬁlters, lab-dedicated protective shoes
and covers are normally worn. During Phase 2 and during the
preparation of the shipment, disposable laboratory coats (Tyvek),
gloves (nitrile), masks (disposable masks FFFP3), protective shoes
and safety goggles are used.
As described in detail in previous sections 2.2.1 and 2.2.2, the
most relevant measure put in place to contain accidental spills into
the environment (to reduce environmental exposure) is the
establishment of a pressure gradient within the JRC Repository and
to the environment. This helps keeping the different areas of the
repository separated, avoiding cross-contamination between the
different rooms of the facility. Furthermore, as an accidental
contamination from NMs might take place in the facility, speciﬁc
decontamination measures have been planned at any point in the
workﬂow, for which operators are duly trained. A complete safety
cleaning set for intervention is available in the rooms, and for
example, the laboratory is equipped with a HEPA-ﬁltered vacuum
cleaner and dedicated washing material (mobs, etc.).
Finally, the level of particulate matter in the laboratory atmo-
sphere is constantly monitored using a portable Condensation
Particle Counter (CPC, TSI). Any sudden increase of airborne parti-
cles during each step of the workﬂow can be tracked, thus allowing
corrective measures to be taken almost immediately. The evalua-
tion of background particulate matter is still under discussion.
Indeed, any operator movement, even if not directly involving the
handling of powders, might generate alterations in the 'background
level' of airborne particulate matter. This level is furthermore
highly dependent on the atmospheric conditions (season, weather,
wind etc.). Thus, in order to have good benchmark background
data, an on-going sampling campaign was started once the labo-
ratory was operational to register and evaluate the overall trend of
the background level, both in presence and absence of operators,
and with or without on-going operator movement.
3. Hosted nanomaterials
The nanomaterials that are included in the Repository are either
industrial, commercially available NMs that have been supplied to
JRC directly by the producers, or are supplied via projects for which
they have been synthesized or supplied by industry. They are
representative of a portion of the 'nanomaterial' market acrossEurope, and beyond. The intended uses of these NMs are, according
to the suppliers, varied and range from cosmetics to food additives,
from photo catalytic materials to chemical polishing and to fuel
additives.
Most of them have been tested in the OECD WPMN Testing
Programme (mentioned above) and many research projects, both
EU-funded, such as ENPRA, MARINA, NANoREG and NANOGENTOX,
as well as national (e.g. Austrian, Norwegian, USA, German and
Singaporean projects) and industry-led initiatives (e.g. BASF, Uni-
lever) have been supported by the JRC Repository supplying them
the test materials.
The wide distribution of NMs from JRC to the scientiﬁc com-
munity led to a thorough physico-chemical characterisation of
those NMs. The main results have been included in JRC Scientiﬁc
Reports (Singh et al., 2011; 2014; Rasmussen et al., 2013, 2014a,
2014b). In addition to these reports, the testing activities per-
formed under the umbrella of the OECD Testing Programme have
enabled the publication of the OECD dossiers (see OECD website,
OECD, 2007).
The list of nanomaterials included in and available from the JRC
Repository can be found in Table 1. More detailed information about
their physico-chemical characteristics can be found at the JRC
Nanomaterials Repository website (Repository URL https://ec.
europa.eu/jrc/en/scientiﬁc-tool/jrc-nanomaterials-repository).
Some vials remaining from the batches used for the OECD
Testing Programme are still available (and indicated in Table 1 with
a star). Once older batches of materials (e.g. those used during the
OECD Testing Programme) are depleted, they are substituted,
where possible, with new ones that are obtained from the same
producer. The new batches of materials are subjected to a basic
characterisation in the JRC laboratories. Normally, to have the ma-
terials available for customers, size and particle size distribution
(electron microscopy), centrifuge liquid sedimentation, crystallite
size and crystalline phase are determined, with themain purpose of
conﬁrming (with in relation to the speciﬁcations declared by the
supplier) their size. If relevant, other properties can be investi-
gated/conﬁrmed, e.g. hydrophobicity with Raman spectroscopy.
The NMs currently hosted belong to 7 different classes of
chemistry and these are: TiO2, SiO2, CeO2, ZnO, Au, Nanoclay and C-
based materials (Multi Wall Carbon Nanotubes e MWCNT, Single
Wall Carbon Nanotubes e SWCNT, Graphene). Some of these ma-
terials are coated, but most are not. The JRC representative
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logical endpoints by the scientiﬁc community and Farcal et al.,
2015, Peijnenburg et al., 2015, Van der Zande et al., 2014, Louro
et al., 2014 are just some examples of such work.
Each chemistry class is represented by different types of NMs,
which differ in one or more of their characteristics. Normally, each
class is composed of NMs that not only have a different particle size,
but also differ in other physico-chemical properties, such as surface
functionalization (coating or not) or type of crystallinity. For some
of the classes, the 'non-nano' size material (according to the EC
Recommendation on the deﬁnition of nanomaterial, EC, 2011/696/
EU) is also available. This allows for a better comparability and
evaluation of possible nano-size effects for a given endpoint.
For example, 7 different types of TiO2 are available, with size
ranging roughly from 5e6 to 115 nm nm (Rasmussen et al., 2014b
and Repository URL). Furthermore, different crystalline phases are
available: pure anatase or rutile, or a mix of both. Due to their low
stability, the JRC Repository no longer stores NMs in suspension,
but, as mentioned also in section 2.2.1, it is equipped to properly
handle them and, if needed, to subsample them automatically.
4. Representative test materials as benchmark materials for
the harmonisation of test methods
Roebben et al. deﬁned representative test materials as follows:
“Representative Test Material (RTM) is a material from a single batch,
which is sufﬁciently homogeneous and stable with respect to one or
more speciﬁed properties, and which implicitly is assumed to be ﬁt for
its intended use in the development of test methods which target
properties other than the properties for which homogeneity and sta-
bility have been demonstrated” (Roebben et al., 2013).
Since each set of subsampled RTM originates from the same
batch, all the subsamples can, in principle, be assumed to be
identical. The NMs can therefore serve as international benchmarks
with the aim of fostering the harmonisation in nanoEHS assess-
ment, by creating a common and unique nanomaterial source for all
stakeholders.
RTMs are assumed to be sufﬁciently stable and homogeneous
with respect to one or more speciﬁed properties. They are expected
to be ﬁt for their intended use in the development of test methods
that target properties other than the properties for which homo-
geneity and stability have been demonstrated (Roebben et al., 2013).
The NMs hosted in the JRC Nanomaterials Repository represent
the ﬁrst collection of thoroughly characterised NMs available for
benchmarking in research and regulatory studies. Indeed, due to
the considerable amount of resources and time needed to produce
Reference Materials (RMs) and Certiﬁed RMs (CRMs), only few,,
nano-sized (C)RMs have been produced so far (e.g. by NISTand JRC).
In this framework, RTMs can actually act as benchmark materials to
enable pre-normative work and to develop new (updated) tests,
thus promoting faster innovation.
It has been shown for instance that when starting from powder
NMs, themethod used to create a liquid-based dispersion inﬂuences
toxicity outcomes. Therefore, the harmonisation of methods e in
this particular case of the dispersionprotocolewould allowa better
consistency in the generation of data. There is still a considerable
harmonisation gap here, since the laboratories performing testing
on NMs tend to adhere to their in-house procedures applied to
facilitate their own intra-lab comparability, but not facilitating suf-
ﬁciently the inter-lab comparability. This practice is however
counterbalanced by regulatory requirements, where the needs of
harmonisationandstandardisationareofparamount importance for
the e.g. evaluation of the repeatability and comparability of results.
In recent years and based on the above considerations, several
projects have attempted to harmonise as much as possible thedispersion protocols, thus setting a ﬁrst baseline to ensure the
comparability of data.
The same approach has been also followed by OECD, where a
long process of evaluation of the available regulatory test guide-
lines (TGs) started, with the aim of understanding to which extent
these TGs, developed for the regulatory testing of chemicals in
general, would be applicable to NMs. The experimental part of this
evaluationmade use of the NMs provided by the JRC Repository and
has resulted in the OECD Test Guidelines Programme working on
nano-speciﬁc adaptation of some OECD TGs, for example Guide-
lines for Inhalation Toxicity and a number of the environmental
end-points.
H. Krug (Krug, 2014) stated: “the uniﬁcation of criteria and
standardisation of methods are absolutely necessary in order that we
arrive at a situation where investigations may be effectively compared
and provide reliable data”. The on-going harmonisation of test
methods for NMs is thus essential to allow the comparability of
research results. Furthermore, the applicability and acceptance of
OECD TGs for nanomaterials is essential in a global regulatory
context, and the investigation of this has been supported by the
material supply from the JRC Nanomaterials Repository.
In addition, the use of RTMs as control substances in performing
nanotoxicity-related experiments would allow the creation of more
and better sets of comparable data. Such experimental results in
(regulatory) research are the basis to build and consolidate the
nanoEHS knowledge.
5. Conclusions
The Joint Research Centre of the European Commission hosts a
Repository for representative nanomaterials. This is a unique fa-
cility that serves the European and global scientiﬁc community
active in the nanoEHS (regulatory) research well.
The JRC Nanomaterials repository is a unique facility providing
state-of the-art design and equipment for sub-sampling of indus-
trial nanomaterials under the safest possible conditions, with
traceable ﬁnal samples distributed world-wide for research pur-
poses. This paper provides information on considerations and ac-
tions undertaken by the JRC to guarantee the safety of the operators
of the JRC Repository, and environmental protection, during each
NM handling phase. The Paper also describes the automation of the
subsampling procedure, which offers an unrivalled degree of ﬂex-
ibility and precision in the preparation of NM vials for customers.
The JRC nanomaterials are representative for part of the world
NM market. Given the scarcity of (certiﬁed) reference nano-
materials on the market, the possibility for the scientiﬁc commu-
nity to use well-characterised NMs is of utmost importance for the
generation of comparable and reliable experimental results and
datasets in support to regulatory research. The publication of the
physical chemical properties of these materials (ref EUR reports) is
an important support to the further use of these materials.
The further development and use of the RTMs could eventually
lead to the generation of additional scientiﬁc results of high quality
that can help to consolidate the nano-related knowledge with the
ultimate and very important purpose of supporting regulation.
Transparency document
Transparency document related to this article can be found
online at http://dx.doi.org/10.1016/j.yrtph.2016.08.008.
References
Baron, M., et al., 2015. Safe Handling of Nanomaterials and Other Advanced
Materials at Workplaces e Final Product of the Project NanoValid available
S. Totaro et al. / Regulatory Toxicology and Pharmacology 81 (2016) 334e340340at: URL: http://www.nanovalid.eu/nanoToGo/Brochure/Safe%20handling%20of
%20nanomaterials%20and%20other%20advanced%20materials%20at%20workplaces_
v1-0.pdf.
EC 2011/696/EU. Commission Recommendation on the deﬁnition of nanomaterial e
2011/696/EU. Ofﬁcial Journal of the European Union. L275/38e40.
EC, 2014. European Commission e Working Safely with Manufactured Nano-
materials e Guidance for Workers e 2014. Available at: URL: ec.europa.eu/so-
cial/BlobServlet?docId¼13088&langId¼en.
ECHA, 2016. Usage of (eco)toxicological data for bridging data gaps between and
grouping of nanoforms of the same substance. Elem. consider. http://dx.doi.org/
10.2823/982046. Available at: URL: https://echa.europa.eu/documents/10162/
13630/eco_toxicological_for_bridging_grouping_nanoforms_en.pdf.
Farcal, L., Torres, F.A., Di Cristo, L., Rotoli, B.M., Bussolati, O., Bergamaschi, E.,
Mech, A., Hartmann, N.B., Rasmussen, K., Riego-Sintes, J., Ponti, J., Kinsner-
Ovaskainen, A., Rossi, F., Omen, A., Bos, P., Chen, R., Bai, R., Chen, C., Rocks, L.,
Fulton, N., Ross, B., Hutchinson, G., Tran, L., Mues, S., Ossig, R.,
Schnekenburger, J., Campagnolo, L., Pietroiusti, A., Fadel, B., 2015. Comprehen-
sive In vitro toxicity testing of a panel of representative oxide nanomaterials:
ﬁrst steps towards an intelligent testing strategy. PLOS One. http://dx.doi.org/
10.1371/journal.pone.0127174.
Gottardo, S., Quiros Pesudo, L., Totaro, S., Riego Sintes, J., Crutzen, H., 2016. NANo-
REG Harmonised Terminology for Environmental Health and Safety Assessment
of Nanomaterials. http://dx.doi.org/10.2788/71213. European Commission. EUR
27808.
ISO 12901. ISO/TS 12901-1 and 12901-2. Nanotechnologies e Occupational risk
management applied to engineered nanomaterials e Part1: principle and ap-
proaches e Part 2: Use of the control banding approach.
Krug, H., 2014. Nanosafety research e are we on the right track? Angew. Chem. Int.
Ed. 53, 2e18. http://dx.doi.org/10.1002/anie.201403367.
Louro, H., Tavares, A., Vital, N., Costa, P.M., Alverca, E., Zwart, E., de Jong, W.H.,
Fessard,V., Lavinha, J., Silva,M.J., 2014. Integratedapproach to the invivogenotoxic
effects of a titanium dioxide nanomaterial using LacZ plasmid-based transgenic
mice. Environ. Mol. Mutagen 55, 500e509. http://dx.doi.org/10.1002/em.21864.
NIOSH, 2012. General Safe Practive for Working with Engineered Nanomaterials in
Research Laboratories. National Institute for Occupational Safety and Health
(NIOSH). DHHS(NIOSH) Publication No. 2012e147.
OECD, 2007. OECD Testing Programme of Manufactured Nanomaterials available at:
URL: http://www.oecd.org/chemicalsafety/nanosafety/dossiers-and-endpoints-
testing-programme-manufactured-nanomaterials.htm.
Peijnenburg, W.J.G.M., Baalousha, M., Chen, J., Chaudry, Q., Von der Kammer, F.,
Kuhlbusch, T.A.J., Lead, J., Nickel, C., Quik, J.T.K., Renker, M., Wang, Z.,
Koelmans, A.A., 2015. A review of the properties and processes determining the
fate of engineered nanomaterials in the aquatic environment. Crit. Rev. Environ.
Sci. Technol. 45, 2084e2134. http://dx.doi.org/10.1080/10643389.2015.1010430.
Rasmussen, K., Mech, A., Mast, J., de Temmerman, P.-J., Waegeneers, N., Van
Steen, F., Pizzolon, J.C., de Temmerman, L., Van Doren, E., Jensen, K.A.,
Birkedal, R., Levin, M., Nielsen, S.H., Koponen, I.K., Clausen, P.A., Kembouche, Y.,
Thieriet, N., Spalla, O., Guiot, C., Rousset, D., Witschger, O., Bau, S., Bianchi, B.,
Shivachev, B., Gilliland, D., Pianella, F., Ceccone, G., Cotogno, G., Rauscher, H.,
Gibson, N., Stamm, H., EUR-Scientiﬁc and Technical Research Reports, 2013.
Synthetic Amorphous Silicon Dioxide (NM-200, NM-201, NM-202, NM-203,
NM-204): Characterisation and Physico-chemical Properties. Available at:URL: http://publications.jrc.ec.europa.eu/repository/handle/JRC83506.
Rasmussen, K., Mast, J., De Temmerman, P.-.J., Verleysen, E., Waegeneers, N., Van
Steen, F., Pizzolon, J.C., De Temmerman, L., Van Doren, E., Jensen, K.A.,
Birkedal, R., Clausen, P.A., Kembouche, Y., Thieriet, N., Spalla, O., Giuot, C.,
Rousset, D., Witschger, O., Bau, S., Bianchi, B., Shivachev, B., Dimowa, L.,
Nikolova, R., Nihtianova, D., Tarassov, M., Petrov, O., Bakardjieva, S., Motzkus, C.,
Labarraque, G., Oster, C., Cotogno, G., Gaillard, C., 2014a. EUR e Scientiﬁc and
Technical Research Reports e 2014 eMulti-walled Carbon Nanotubes, NM-400,
NM-401, NM-402, NM-403: Characterisation and Physico-chemical Properties.
Available at: URL: http://publications.jrc.ec.europa.eu/repository/handle/
JRC91205.
Rasmussen, K., Mast, J., De Temmerman, P.J., Verleysen, E., Waegeneers, N., Van
Steen, F., Pizzolon, J.C., De Temmerman, L., Van Doren, E., Jensen, K., Birkedal, R.,
Levin, M., Nielsen, S.H., Koponen, I.K., Clausen, P.A., Kofoed-Sørensen, V.,
Kembouche, Y., Thieriet, N., Spalla, O., Giuot, C., Rousset, D., Witschger, O.,
Bau, S., Bianchi, B., Motzkus, C., Shivachev, B., Dimowa, L., Nikolova, R.,
Nihtianova, D., Tarassov, M., Petrov, O., Bakardjieva, S., Gilliland, D., Pianella, F.,
Ceccone, G., Spampinato, V., Cotogno, G., Gibson, P., Gaillard, C., Mech, A., 2014b.
EUR e Scientiﬁc and Technical Research Reports e Titanium Dioxide, NM-100,
NM-101, NM-102, NM-103, NM-104, NM-105: Characterisation and Physico-
chemical Properties. http://publications.jrc.ec.europa.eu/repository/handle/
JRC86291.
Rasmussen, K., Gonzalez, M., Kearns, P., Riego Sintes, J., Rossi, F., Sayre, P., 2016.
Review of achievements of the OECD working party on manufactured nano-
materials' testing and assessment programme. From exploratory testing to test




Roebben, G., Rasmussen, K., Kestens, V., Linsinger, T.P.-J., Rauscher, H., Emons, H.,
Stamm, H., 2013. Reference materials and representative test materials: the
nanotechnology case. J. Nanopart. Res. 15, 1455. http://dx.doi.org/10.1007/
s11051-013-1455-2.
Singh, C., Friedrich, S., Levin, M., Birkedal, R., Jensen, K.A., Pojana, G., Wohllben, W.,
Schulte, S., Wiench, K., Tuney, T., Koulaeva, D., Mashall, D., Hund-Rinke, K.,
Koeredl, W., Van Doren, E., De Temmerman, P.-J., Abi Daoud, F., Mast, J.,
Gibson, P., Koeber, R., Linsinger, T., Kelin, C., 2011. EUR e Scientiﬁc and Technical
Reports eM-series of Representative Manufactured Nanomaterials - Zinc Oxide
NM-110, NM-111, NM-112, NM-113: Characterisation and Test Item Preparation.
Available at: URL: http://publications.jrc.ec.europa.eu/repository/handle/
JRC64075.
Singh, C., Friedrich, S., Ceccone, G., Gibson, P., Jensen, K.A., Levin, M., Goenaga, H.I.,
Carlander, D., Rasmussen, K., 2014. EUR e Scientiﬁc and Technical Research
Reports e 2014 e Cerium Dioxide, NM-211, NM-212, NM-213. Characterisation
and Test Item Preparation. Available at: URL: http://publications.jrc.ec.europa.
eu/repository/handle/JRC89825.
Van der Zande, M., Vandebriel, R.J., Groot, M.J., Kramer, E., Rivera, Z.E.H.,
Rasmussen, K., Ossenkoppele, J.S., Tromp, P., Gremmer, E.R., Peters, R.J.B.,
Hendriksen, P.J., Marvin, H.J.P., Hoogenboom, R.L.A.P., Peijnenburg, A.A.C.M.,
Bouwmeester, H., 2014. Sub-chronic toxicity study in rats orally exposed to
nanostructured silica. Part. Fibre Toxicol. http://dx.doi.org/10.1186/1743-8977-
11-8.
